US007697749B2
a2 United States Patent (10) Patent No.: US 7,697,749 B2
Ogawa 45) Date of Patent: Apr. 13,2010
(54) STEREO IMAGE PROCESSING DEVICE 2002/0085747 Al1* 7/2002 Yoshigahara et al. ........ 382/154
2005/0008220 Al1* 1/2005 Miyazaki .................... 382/154
(75)  Inventor:  Gemya Ogawa, Tokyo (JP) FOREIGN PATENT DOCUMENTS
(73) Assignee: Fuji Jukogyo Kabushiki Kaisha, Tokyo JP 05-114099 5/1993
(JP) JP 08-279045 10/1996
JP 11-248446 9/1999
(*) Notice: Subject to any disclaimer, the term of this P 2001-160144 6/2001
JP 2001-194126 7/2001

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 955 days.

(21) Appl. No.: 11/198,035
(22) Filed: Aug. 5, 2005

(65) Prior Publication Data
US 2006/0029272 Al Feb. 9, 2006

(30) Foreign Application Priority Data

Aug. 9, 2004 (JP) e, 2004-232394
Sep. 24,2004 (JP) o, 2004-2777978

(51) Int.CL
GO6K 9/00 (2006.01)

(52) US.CL ... 382/154; 382/103; 250/208.1

(58) Field of Classification Search ................. 382/103,
382/154

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

6/1998 Morimura et al. ........... 382/107
6,215,899 B1* 4/2001 Morimura et al. ........... 382/154
6,519,358 B1* 2/2003 Yokoyamacetal. .......... 382/154

2001/0045979 Al1* 11/2001 Matsumoto etal. ........... 348/43

5,768,404 A *

3
,/

Image Input

Original

10 Image
Memory

* cited by examiner

Primary Examiner—Bhavesh M Mehta
Assistant Examiner—Michael Vanchy, Ir.
(74) Attorney, Agent, or Firm—Haynes and Boone, LLP

(57) ABSTRACT

A stereo 1mage processing apparatus 1s provided. The appa-
ratus comprises an imaging device for taking a pair of images
of an object for stereo 1mage processing purpose; a stereo
processor for correlating the pair of 1mages for each small
area thereof to thereby perform stereo matching processing
for 1dentitying corresponding areas, and obtaining an evalu-
ation function as a result of said stereo matching processing,
distance information to said object obtained based on said
evaluation function, and reliability information indicating a
reliability of said distance information; a parallax corrector
for setting an adaptive search range around a small area 1n
question according to said reliability information, obtaiming a

corrected evaluation function by correcting said evaluation
function obtained for said small area 1n question based on said
evaluation function obtained for a respective small area
within said adaptive search range, and correcting said dis-
tance information based on said corrected evaluation function
obtained.

11 Claims, 9 Drawing Sheets
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STEREO IMAGE PROCESSING DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C. 119 based
upon Japanese Patent Application Serial No. 2004-232394,
filed on Aug. 9, 2004, and Japanese Patent Application Serial
No. 2004-2777978, filed on Sep. 24, 2004. The entire disclo-
sure of the aforesaid application 1s incorporated herein by
reference.

FIELD OF THE INVENTION

The present invention 1s related to a stereo 1mage process-
ing apparatus, and more specifically related to a stereo image
processing apparatus which 1s capable of appropriately and
elfectively performing a correction for a small area where an
incorrect stereo matching processing caused a mismatch.

BACKGROUND OF THE INVENTION

An 1mage processing by so-called stereo method 1s gener-
ally known as a 3-dimensional measurement technology
using imaging. This method employs 2 cameras (stereo cam-
eras) to take a pair of 1mages of an object from different
positions, correlate the pair of images to thereby obtain infor-
mation on a distance to the object with the triangulation
principle using camera parameters such as stereo camera
positions, a focal length, and the like from a parallax for the
same object.

In 1mage processing employing the above stereo method, a
disparity between the 2 1images 1s detected by determining a
position where 2 sets of image signals from the stereo cam-
eras match while sequentially shifting the 2 sets of image
signals to thereby calculate a distance to the object. In gen-
eral, the above position where 2 sets of image signals match 1s
obtained by comparing brightness of the 1mage signals from
the 2 cameras.

This 1mage comparison 1s performed for each small area
with a predetermined pixel count due to a computation speed
and the like. For a base image and a reference image, for
example, a city block distance 1s calculated to correlate each
other for each small area (also called a “matching block™) of
cach 1image to thereby perform stereo matching processing
for identilying corresponding areas to obtain 3-dimensional
image information (a distance image), which 1s a numeric
expression of information on a distance to the object obtained
from a pixel disparity (=parallax) according to a distance to
the object.

In the stereo matching processing for the 2 images, how-
ever, a mismatch problem may occur where the correspon-
dence 1s 1ncorrect.

To address this mismatch problem, JP-A-2001-160144
discloses an apparatus comprising a mechanism for determin-
ing the existence of the mismatch from a result obtained in the
image matching processing.

Also JP-A-H11-248446 discloses a technique for voting on
the parallax for the matching block 1n question and its sur-
rounding 8 blocks to reduce the mismatch.

Further, JP-A-H8-279045 discloses a technique for speci-
tying a priority for a tentative corresponding point candidate
against other corresponding points, and obtaining the paral-
lax consistent with the correspondence.

However, the above JP-A-2001-160144 technique simply
determines the presence of the mismatch and a mechanism
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for reducing a mismatch influence to improve the stereo
matching accuracy 1s not disclosed.

Moreover, the proposal in the JP-A-H11-248446 does not
offer suificient effect when actual space has 3-dimensional
depth equivalent to a resolution of the matching block, or for
areas such as a wall surface without suflicient image features
for the matching processing.

Likewise, the proposal in the JP-A-H8-279045 does not
provide enough correction effect for areas such as a wall
surface.

SUMMARY OF THE INVENTION

Considering the above problems, the purpose of the present
invention 1s to provide a stereo 1mage processing apparatus
capable of a high accuracy parallax detection by reducing
mismatches during image matching.

According to a principal aspect of the present invention,
there 1s provided a stereo 1image processing apparatus, com-
prising an 1imaging device of an object; a stereo processor for
correlating a pair of 1mages for each small area thereol, the
pair of images taken by the imaging device to thereby perform
stereo matching processing for identifying corresponding
areas, and obtaiming an evaluation function, the evaluation
function being a result of the stereo matching processing,
distance information, the distance being to the object, the
distance information obtained based on the evaluation func-
tion, and reliability information indicating a reliability of the
distance information; a parallax corrector for setting an adap-
tive search range around a small area 1n question according to
the reliability, obtaining a corrected evaluation function by
correcting the evaluation function obtained for the small area
in question based on the evaluation function obtained for a
respective small area within the adaptive search range, and
correcting the distance information based on the corrected
evaluation function obtained.

According to one embodiment of the present invention, the
parallax corrector regards the corrected evaluation function
as a summation ol all of the evaluation functions, each
obtained for the respective small area. Also the parallax cor-
rector preferably weighs the evaluation function obtained for
the respective small area within the adaptive search range
according to the reliability information obtained for the
respective small area and a distance between the respective

5 small area and the small area 1n question, and then takes a
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summation of all of the evaluation functions as the corrected
evaluation function.

According to another embodiment of the present invention,
the parallax corrector 1s provided with a storage for storing
the evaluation functions, the distance information, and the
reliability information obtained by the stereo processor for all
of the small areas, and obtains the corrected evaluation func-
tion based on the evaluation functions, the distance informa-
tion, and the reliability information read from the storage.

According to yet another embodiment of the present inven-
tion, the parallax corrector sets the adaptive search range
based on the reliability information obtained by the stereo
processor, wherein the stereo processor obtains the evaluation
functions, the distance information, and the reliability infor-
mation for the respective small areas set within the adaptive
search range, wherein the parallax corrector calculates the
corrected evaluation function based on the evaluation func-
tions each for the respective small area within the adaptive
search range, the evaluation functions obtained by the stereo
Processor.

According to still another embodiment of the present
invention, the stereo processor comprises a determinant fac-
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tor extractor for extracting one or more feature quantities
from a plurality of images to which matching processing is
performed, wherein the parallax corrector 1s provided with a
determination section for evaluating a rehability of the
matching processing based on the feature quantities
extracted, and a correction section for correcting a mismatch
which occurs during the matching processing based on evalu-
ation information from the determination section. In this case,
the determination section 1s preferably configured using a
neural net for evaluating the reliability of the matching pro-
cessing for a plurality of images by the stereo processor.
Additionally, the feature quantities preferably includes at
least one of: an analysis result of the evaluation function used
for the matching processing, a factor indicating uniqueness of
a pixel area, or a factor indicating relevance with surrounding
pixel areas.

According to yet another embodiment, the analysis result
of the evaluation function used for the matching processing
includes at least one of: a value of the evaluation function or
a factor indicating a shape of the evaluation function.

According to still another one embodiment, the factor indi-
cating the shape of the evaluation function includes at least
one of: the number of local minimum points, a width of a
valley containing a mimimum point or an acute angle of the
valley containing the minimum point.

According to yet another embodiment, the factor indicat-
ing the uniqueness of a pixel area includes at least one of: the
number of pixels 1n a pixel area, 1n the pixels an absolute value
of a difference 1n a direction along an epipolar line exceeds a
predetermined value, a mean absolute difference 1n a direc-
tion along an epipolar line, or a variance of brightness values
in a pixel area.

According to still another embodiment, the factor indicat-
ing the relevance with surrounding pixel areas includes at
least one of: the number of pixel areas in which a value of the
evaluation function in self-matching processing 1s less than a
predetermined value, the number of local minimum points, a
width of a valley containing a minimum point, an acute angle
of the valley containing the minimum point, or the number of
pixel areas which output an 1dentical parallax 1n the vicinity
of one pixel area arbitrarily selected.

According to the present invention, the parallax correction
enables a reduction of the mismatch influence, and particu-
larly, an improvement in the stereo matching accuracy 1n a
low texture area such as a wall surface, with which conven-
tional techniques had difficulties. Especially, a correction
capable of retaining area features may be effected to enable a
high accuracy correction.

Noted that these and other characteristics and effects of the
present invention will be easily appreciated by those skilled in
the art upon referring to the following preferred embodiments
when taken 1n conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing a stereo 1mage process-
ing apparatus according to a first embodiment of the present
invention;

FI1G. 2 1s a graph showing one example of a SAD function,
which 1s a matching evaluation function for a predetermined
matching block, wherein the graph’s horizontal axis 1s a
disparity quantity between the predetermined matching block
and a reference block, and the vertical axis 1s a SAD value:

FIG. 3 1s an explanatory view showing one example of
reliability of distance information obtained for the predeter-
mined matching block 1n question and 1ts surrounding blocks;
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FIG. 4 1s an explanatory view describing a method for
determining an adaptive search range block;

FIG. 5 1s a graph showing an weighting factor Wd based on
a distance between the matching block in question and the
respective adaptive search range block, wherein the graph’s
horizontal axis 1s a distance from the matching block 1n ques-
tion, and the vertical axis 1s the weighting factor;

FIG. 6 1s a graph showing an weighting factor Wp based on
the reliability of the distance information, wherein the
graph’s horizontal axis 1s the reliability obtained for the adap-
tive search range block, and the vertical axis 1s the weighting,
factor for the SAD function of the adaptive search block;

FIG. 7 1s a flowchart showing parallax correction process-
ing by a parallax corrector 6;

FIG. 8 1s a block diagram showing a structure of the image
processing apparatus according to the present mnvention;

FIG. 9 1s a block diagram showing a matching block of the
image processing apparatus according to the present imnven-
tion;

FIG. 10 1s a graph showing a matching processing result by
the 1mage processing apparatus according to the present
invention;

FIG. 11 1s a graph showing a self-matching processing
result by the 1image processing apparatus according to the
present invention;

FIG. 12 1s a plane view showing a self-block and its sur-
rounding matching blocks of the image processing apparatus
according to the present invention;

FIG. 13 1s a block diagram showing a structure of a parallax
corrector of the 1image processing apparatus according to the
present invention;

FIG. 14 1s a schematic view showing a neural net applied to
the 1mage processing apparatus according to the present
imnvention;

FIG. 15 1s a conceptual diagram showing a principle of a
stereo 1mage technique using 2 cameras; and

FIG. 16 15 a flowchart showing an operation tlow of stereo
matching processing employed by a stereo 1image processing
apparatus according to a second embodiment of the present
ivention.

PR.

(L]
By

ERRED

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Stereo Image Processing Apparatus

Embodiments of the present invention will be described 1n
detail below 1n accordance with accompanying drawings.
FIG. 1 1s a block diagram showing a stereo 1image processing
apparatus according to a first embodiment of the present
invention.

Defined by a right camera 1 and a left camera 2, stereo
cameras 10 are provided at a camera installation position (not
shown) with the right and left cameras 1 and 2 comprising a
predetermined baseline length. The cameras 1 and 2 com-
prises the same focal length and directions of their lines of
sight may be configured vertically to the baseline. For
example, the right camera 1 1s configured to take 1images of a
base 1mage during stereo processing, and the other left cam-
era 2 1s configured to take images of areference image during
the stereo processing.

Note that the nght and leit cameras 1 and 2 should only be
provided with the predetermined baseline length, and may be
positioned horizontally so that the baseline 1s along the hori-
zontal direction, or may be positioned vertically so that the
baseline 1s along the vertical direction, or otherwise may be
positioned with an angle so that the baseline 1s slanted. In this
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embodiment, the cameras 1 and 2 are assumed to be provided
horizontally with their baseline along the horizontal direction
for brevity.

The cameras 1 and 2 take 1mages of an object and output
image signals for images taken. The image signals from the
cameras 1 and 2 are given to an 1image input 3.

This 1mage mput 3 1s provided with, among others, an
analog interface comprising a gain control amplifier (not
shown), an A/D converter for converting analog 1image data to
digital image data, and a log conversion table for a logarith-
mic conversion for bright and dark sections of the images. The
image mput 3 adjusts the gain of 1image signals from the
cameras 1 and 2 for a signal balance, and then converts the
signals into digital signals. In addition, the 1mage mput 3
performs 1mage corrections such as improving a contrast in
low brightness sections with a log conversion, converts the
image signals into digital signals with a predetermined
brightness scale, and stores them 1n a original image memory
4.

Digital image signals stored 1n the original image memory
4 are supplied to a stereo processor 3. This stereo processor 3
performs stereo matching processing, 1n which 1t calculates,
for example, a SAD (Sum of Absolute Difference) value (city
block distance) of a brightness value for each of predeter-
mined small areas of the base and reference images (for
example, a 4x4 pixel area, hereafter referred to as a “block™),
and correlates the base and reference 1mages to thereby 1den-
tily corresponding areas. A distance between corresponding
small areas occur depending on a distance to the object and
this distance (pixel disparity) 1s equivalent to a parallax. The
stereo processor 3 1s configured to be capable of generating
and outputting 3-dimensional image information (a distance
image), which 1s a numeric expression of information on a
distance to the object obtained from this disparity quantity.

Since the cameras 1 and 2 are positioned so that the base-
line 1s horizontal, and are configured to take 1mages along a
direction vertical to the baseline, the stereo processor 3 1s
capable of obtaining distance information by a matching pro-
cessing which moves the blocks onto a horizontal epipolar
line. A matching evaluation function indicative of a degree of
correlation may employ the SAD or otherwise a sum of
squared brightness differences for each pixel between the
base and reference 1images. In this case, the closer the sum of
squared brightness differences 1s to zero, the higher the cor-
relation 1s. Note that the evaluation criteria for the degree of
correlation 1s not limited to the sum of squared brightness
differences and, for example, a normalized cross-correlation
value of the brightness value or the like may be employed as
well.

In the stereo matching processing, for a small area 1n the
base image (hereaiter also referred to as a “matching block™),
a small area at a corresponding position in the reference
image 1s shifted on the epipolar line by one pixel at a time
within a predetermined search range to thereby calculate a
SAD value for the matching block 1n the base 1mage and for
cach small area in the reference 1image (hereafter referred to as
a “reference block™), respectively. Then the disparity (paral-
lax) between a reference block and a matching block which
give the smallest SAD value 1s obtained as the distance infor-
mation.

Further, the stereo processor 5 1s configured to also obtain
a parallax value of the matching block as well as a reliability
of the parallax value. Specifically, a difference Hx between a
mimmum SAD value Hm obtained for each matching block
and a maximum SAD value HM 1s obtained, and reliability of
the distance information 1s determined according to whether
or not the following 3 conditions are satisfied:
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6

(1) Hm 1s a predetermined value or less.

(2) Hx 1s a predetermined value or less.

(3) There are a predetermined or greater number of pixels
whose edge 1s determined to be valid.

If all of (1), (2) and (3) are satisfied, the reliability 1s
determined to be “positive”. If two of these three conditions
are met, the reliability 1s “moderately positive”. In all other
cases, the reliability 1s “negative.”

The above (1) and (2) are conditions for determining
whether or not an obtained minimum value Hm 1s due to a
noise, and by using the maximum value HM, 1t 1s possible to
detect a distance for an object with a gradual brightness
change such as a curved surface.

In the condition (3), an edge can be detected 1f a relatively
large threshold 1s set for an edge validation, and with a lower
threshold, a gradual brightness change may be detected. This
condition 1s employed based on a basic principle that a dis-
tance may not be detected where there 1s no brightness
change. Since the edge validation 1s performed for every pixel
in each small area, only the pixels with a detected distance are
utilized in the small area, providing a reasonable result by
using the condition (3).

The stereo processor 5 may provide the reliability using
values obtained from uniqueness of the matching block, par-
allax value relationships with the surrounding matching
blocks and the like.

This stereo processor 5 may also express the reliability
with 2 values, “positive’” and “negative”, or 3 values addition-
ally including “moderately positive.” It should be mentioned
that processing for generating the distance information from
images taken by stereo cameras 1s disclosed 1n detail 1n JP-A-
H5-114099 by the present applicant.

As Tor reliability determination, a method disclosed 1n the
Japanese patent application No. 2004-232394 by the present
applicant 1s more preferable to a determination method
described above. This preferable method, described more 1n
detail 1n the latter half of the present embodiment, 1s summa-
rized as that the above determination 1s performed with a
plurality of feature quantities which are: evaluation function
values (the maximum, minimum and mean SAD values), a
shape of the evaluation function (the number of local mini-
mum points, a width of a valley containing a mimimum point
and an acute angle of the valley containing the minimum
point of the evaluation function), the uniqueness of the match-
ing block, and relevance with surrounding pixel areas.

In this method, the number of the local minmimum points
means the number of points where: a SAD value S11s equal to
or less than a predetermined threshold (e.g., mean SAD); and
its proximal N points (fixed value with N>2) satisly
S1—N>S1—(N-1) .. . >81, and S1+4N>S1+N-1 . . . >51; in other
words, the number of valleys. The width of the valley con-
taining the minimum point i1s calculated by: first obtaining a
minimum “n”” which satisfies kxSi—-n>S1-n-1 1n the leftward
vicinity of the local minimum point, and a minimum “m”
which satisfies kxSi+m>Si1+m+1 1n the rightward vicinity of
the local minimum point; and then calculating n+m. Here, the
above “K” 1s a constant and usually set to 1. Further, the acute
angle of the valley containing the minimum point 1s calcu-
lated 1n 2 methods: one 1n which a difference between a mean
SAD value of the both ends of the width of the valley con-
taining the mimmum point, and the SAD value at the mini-
mum point 1s divided by the width of the valley; and the other
in which a mean SAD value difference 1s calculated for the
two pixels adjacent to the minimum point and the minimum
SAD value, respectively; that 1s (S1+1+S1-1-2x51)/2.

A factor indicating the uniqueness of the matching block
may be the number of pixels with a predetermined or greater
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absolute difference value 1n a direction along the epipolar line
in the matching block, a mean absolute difference in the
direction along the epipolar line 1n the matching block or a
variance of brightness values in the matching block.

Moreover, a factor indicating the relevance with the sur-
rounding matching blocks may be the number of blocks simi-
lar to a self-block 1n a self-matching processing, a mean value
of a SAD function 1n the self-matching processing, values
concerning a shape of the SAD function 1n the self-matching
processing or the number of blocks which output the same
parallax as from the self-block.

In the present embodiment, the stereo processor 3 outputs
the distance information (parallax information) for each
matching block, reliability of the distance information (reli-
ability information), and a value of the matching evaluation
function (SAD value) for all search ranges at the time of the
matching processing to the parallax corrector 6.

FI1G. 2 1s a graph showing one example of a SAD function,
which 1s a matching evaluation function for a predetermined
matching block, wherein the graph’s horizontal axis 1s a
disparity quantity between the predetermined matching block
and a reference block, and the vertical axis 1s a SAD value.
The stereo processor 5 outputs a disparity quantity corre-
sponding to a minmimum SAD function value as the distance
information (parallax information). This stereo processor 3
also outputs each SAD value within the search range. The
parallax corrector 6 has amemory 7 capable of storing therein
the minimum SAD value within the search range, 1.e., the
distance information, 1ts reliability and all SAD values within
the search range for each matching block.

Incidentally, the predetermined matching block and 1ts sur-
rounding blocks have relatively similar distance information
and therefore similar SAD functions. For example, when the
reliability of the distance information for the matching block
1s low, more accurate distance information may be obtained
by utilizing the SAD function from the adjacent blocks with
high reliability.

For this reason, in the present embodiment, the parallax
corrector 6 1s configured to obtain SAD values for a plurality
of blocks in a predetermined range including the matching
block (hereafter referred to as an “adaptive search range
block™) for each matching block, and obtain a corrected SAD
function based on the obtained SAD value. For example, the
parallax corrector 6 1s capable of obtaining the corrected SAD
function with a summation of the SAD functions of all adap-
tive search range blocks. Further, this parallax corrector 6
may obtain the corrected SAD function by weighting the
SAD functions of the adaptive search range block according
to the distance from the matching block in question and the
reliability, and performing addition for each disparity quan-

tity. In this case, the corrected SAD function S' obtained by
the parallax corrector 6 takes:

S1,] (X) as the SAD function at a position (1, 1) 1n the
adaptive search range block based on the matching block 1n
question,

S'1,1 (X) as the corrected SAD function at a position (1, 1) 1n
the adaptive search range block based on the matching block
in question,

Wp as a weighting factor based on the reliability,

Wd as a weighting factor based on a distance between the
matching block 1 question and the adaptive search range
block; hence this corrected SAD function S' 1s given in Equa-
tion (1) below:
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In this equation, the greater the distance from the matching,
block 1 question to the adaptive search range block 1s, the
lower the weighting becomes that the parallax corrector 6

applies to the SAD function obtained for the adaptive search
range. Also the parallax corrector 6 applies lower weighting
to the SAD function for the adaptive search range block with
lower distance information reliability.

Further, the parallax corrector 6 outputs a disparity quan-
tity which gives a minimum value of the corrected SAD
function as the distance information. This distance informa-
tion 1s given to a distance 1mage memory 8. This distance
image memory 8 1s configured to maintain the distance infor-
mation from the parallax corrector. The distance information
of each block 1s converted from each block’s brightness and a
distance 1image 1s obtained by a display based on each block’s
distance information. Also i1mage recognition soltware,
among others, may perform distance measurement, obstacle
recognition and the like by performing a calculation using the
distance information stored in the distance image memory 8.

Operations of the embodiment structured as above will be
described below in accordance with FIGS. 3-7. FIG. 3 1s an
explanatory view showing one example of the reliability of
the distance information obtained for the predetermined
matching block 1n question and 1ts surrounding blocks. Also
FIG. 4 1s an explanatory view describing a method for deter-
mining the adaptive search range block. FIG. 5 1s a graph
showing the weighting factor Wd based on a distance between
the matching block in question and the respective adaptive
search range block, wherein the graph’s horizontal axis 1s a
distance from the matching block 1n question, and the vertical
axis 1s the weighting factor. FIG. 6 1s a graph showing the
weighting factor Wp based on the reliability of the distance
information, wherein the graph’s horizontal axis 1s the reli-
ability obtained for the adaptive search range block, and the
vertical axis 1s the weighting factor for the SAD function of
the adaptive search range block. Further, FI1G. 7 1s a flowchart
showing parallax correction processing by the parallax cor-
rector 6.

Analog 1mage signals entered from the right and left cam-
eras 1 and 2 are proportionally amplified respectively 1n the
image input 3. The amplified image signals are A/D converted
to, for example, 256 scale digital signals, respectively. The
digitized base and reference images are processed with a
predetermined 1mage correction and subsequently accumu-
lated 1n the original image memory 4.

The stereo processor 5 sets the reference block within the
reference 1image for the predetermined matching block within
the base image, and obtains the SAD function for the bright-
ness of the matching block 1n question and the reference
block. The stereo processor 5 calculates the minimum SAD
function value as the distance mnformation as well as 1ts reli-
ability information. The stereo processor 3 then outputs to the
parallax corrector 6, the distance information, 1ts reliability
information and the SAD values for all search ranges at the
time of the matching processing for each matching block.

In Step S1 of FIG. 7, the parallax corrector 6 stores the
distance information, 1ts reliability information and the SAD
values for all search ranges at the time of the matching pro-
cessing for each matching block. The parallax corrector 6
corrects the distance information (parallax) based on a match-
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ing processing result. For example, 1t processes the parallax
correction following the completion of matching processing
for all blocks.

FIG. 3 shows blocks for the matching processing using
frames. In this figure, lattice pattern sections indicate blocks
where the distance information reliability from the matching
processing result 1s “positive,” while slant line pattern sec-
tions and solid sections indicate “moderately positive” and
“negative’ blocks, respectively. The parallax corrector 6 cor-
rects the matching processing result for each block. In this
case, the parallax corrector 6 applies the correction only to
blocks with non-positive reliabilities; that 1s, blocks in which
a mismatch (possibly) occurred during the matching process-
ing. In Step S2, the parallax corrector 6 determines whether or
not the reliability of a block 1n question 1s “positive.”

Here the matching processing result in the stereo processor
5 1s assumed to be as shown i FIG. 3, and the parallax
corrector 6 corrects the distance information for a block sur-
rounded by a bold frame shown 1 FIG. 3. Since this bold
framed block’s reliability 1s “moderately positive,” process-
ing moves from Step S2 to Step S3 to set the adaptive search
range blocks. The parallax corrector 6 extends a block range
for the parallax correction horizontally and vertically from
the block 1n question as a base until, for example, 1t finds a
block with the “positive” reliability.

FIG. 4 shows the adaptive search range blocks of the FIG.
3 example with bold frames. The adaptive search range
blocks are a plurality of blocks 1n a cross-shaped range with
the block 1n question as a center, and 1n the example of FIG.
4, contains 2 blocks horizontally on the left of, 4 blocks
horizontally on the right of, 4 blocks vertically above, and 4
blocks vertically below the block in question, which are in
total 15 blocks.

Note that a predetermined threshold may also be set for the
adaptive search range. That 1s, blocks farther away from the
block 1n question than a predetermined threshold are not
included 1n the adaptive search range blocks. In addition, the
parallax corrector 6 does not set the adaptive search range in
the direction 1n which there 1s no blocks with the “positive”™
reliability within the threshold. For example, 1t there are no
“positive” blocks within the threshold 1 one of the four
directions, the adaptive search range becomes T-shaped.

It 1s to be also understood that there are various possible
methods for determiming the adaptive search range blocks.
For example, blocks 1n a rectangular shaped range containing
the block 1 question may be specified as the adaptive search
range blocks. Additionally a preset adaptive search range may
be employed with no regard to the reliability.

Next, the parallax corrector 6 obtains the corrected SAD
function based on the above Equation (1) 1n Step S4. In this
case, the parallax corrector 6 sums up each obtained SAD
function with the weighting according to the reliability and
the distance from the block in question for the bold framed
adaptive search range blocks 1n FIG. 4.

FIG. 5 shows a relationship between the distance from the
block 1n question and the weighting. As shown 1n FIG. §, the
smaller the distance 1s to the block 1n question, the greater the
weighting becomes. FIG. 6 shows a relationship between the
reliability and the weighting. As shown 1n FIG. 6, the higher
the reliability 1s, the greater the weighting becomes. It 1s to be
understood that the weighting of FIGS. 5 and 6 15 only an
example and various other characteristics are possible.

In the example of FI1G. 4, of 4 “positive” blocks within the
adaptive search range, the one which 1s two blocks to the left
of the block 1n question 1s the closest to the block 1n question
and therefore 1ts weighting for the SAD function 1s the great-
est. Further 1n the FIG. 4 example, for mstance, in the four
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adjacent blocks to the block 1n question, the two “moderately
positive” blocks have greater reliability than the other two
“negative” blocks.

Thus the parallax corrector 6 applies the weighting to the
SAD function of the adaptive search range blocks according
to the distance and reliability and performs the addition for
cach disparity quantity to obtain the corrected SAD function.
Since the corrected SAD function for the “moderately posi-
tive” or “negative” reliability 1s an average SAD function for
the surrounding blocks, and since SAD function information
of the “positive” reliability 1s utilized, the distance informa-
tion reliability of the corrected SAD function 1s highly likely
to be improved compared to that of a pre-correction SAD
function.

In Step S35, the parallax corrector 6 obtains a disparity
quantity which provides a minimum corrected SAD function
value as corrected distance information. After this, this par-
allax corrector 6 repeats processing of Steps S2-S5 until 1t
determines in Step 6 that the parallax correction 1s completed
for all blocks to stop the processing. The parallax corrector 6
outputs the corrected distance information to the distance
image memory 8.

In this manner, for blocks determined to have a low reli-
ability of a stereo matching processing result, the present
embodiment sets a predetermined adaptive search range
including those blocks, and corrects the distance information
with the summation of a stereo matching evaluation function
for blocks within the adaptive search range. Thus, an accuracy
of the corrected distance information may be improved. In
addition, since the adaptive search range 1s configured to
include high reliability blocks, the reliability of the corrected
distance information 1s high as well. Moreover, since the
stereo matching evaluation function 1s weighted according to
the distance to the block 1n question and the reliability and
subsequently summed up, the accuracy of the corrected dis-
tance information may be further improved.

More Preferred Method for Determining Reliability

Next, a more preferred method and its structure for deter-
mining the reliability 1n an 1mage processing apparatus
according to the present invention will be described below 1n
accordance with FIGS. 8-15.

As shown 1 FIG. 8, an 1image processing apparatus for
implementing this method 1s defined by a stereo processor 5
and a determinant factor extractor 12 attached thereto.

To easily appreciate this reliability determination method,
the components which are already described above will be
re-described: The stereo cameras 10 are provided with and
defined by two cameras 1 and 2, which may be synchronized
with each other, whose shutter speeds are variable and each of
which has a build-in 1mage sensor such as a CCD (Charge
Coupled Device) sensor, a CMOS (Complementary Metal
Oxide Semiconductor) sensor and the like. One of these cam-
eras (herealfter referred to as a “base camera 17) and the other
camera (hereafter referred to as a “comparison camera 2”)
take base images Gb and comparisonimages Gc for the stereo
processing, respectively and each camera are arranged so that
their image-taking planes’ vertical axes are parallel to each
other with a predetermined baseline length.

An 1mage mput 3 1s provided with and defined by an analog
interface (not shown) comprising a gain control amplifier for
responding to analog image signals sent from the stereo cam-
eras 10, a log conversion table (not shown) for a logarithmic
conversion for bright and dark sections of the images, an A/D
converter (not shown) for converting analog image data to
digital image data, and a correction circuit (not shown) for
correcting the brightness and geometrically converting the
images. In such a image input 3, each 1mage signal sent from
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the stereo cameras 10 are processed so that a brightness
balance of the analog 1mage signals are adjusted by the gain
control amplifier at the analog 1nterface, then processed with
an 1mage correction such as a contrast improvement in low
brightness sections with a log conversion, further converted
by the A/D converter into digital signal data with a predeter-
mined brightness scale, for example, 256 gray scale digital
signals, and finally processed so that a disparity between the
base 1mage Gb and the comparison image Gc attributed to
stereo camera positions 1s corrected by a geometrical conver-
s10m, such as an 1mage rotation or translation by the correction
circuit, so-called affine transformation.

An original image memory 4 consists of a semiconductor
memory, such as a ROM (Read Only Memory), a RAM
(Random Access Memory) and the like, and a storage media,
such as a magnetic disk, an optical disk and the like, and 1s
configured to store digital image data converted by the image
input 3.

The stereo processor 5 1s provided with and defined by a
SAD value (city block distance) calculation circuit, a mini-
mum and maximum value detection circuit and a disparity
quantity determination circuit, and 1s configured to 1dentily
corresponding pixels by correlating the base image Gb and
the comparison image Gc, and numerically express informa-
tion on a distance to the object as 3-dimensional 1image 1nfor-
mation (herealfter referred to as a “distance 1image™) based on
a disparity quantity (hereafter referred to as a “parallax X’)
which occurs according to the distance to the object.

In the above city block distance calculation circuit, the
matching processing 1s performed for two 1mages, 1.e., the
base and comparison images Gb and Gc stored 1n the original
image memory 4, for each horizontally Sxvertically 5 pixel
area (hereafter referred to as a “matching block™) of images
Gb and Gc, respectively, as shown 1n FIG. 9, and the city
block distance C being a measure of coincidence between the
base and comparison 1images Gb and Gc 1s calculated as a
value of SAD being an evaluation function. The minimum
and maximum value detection circuit detects a minimum
value Cmin, a maximum value Cmax and a mean value Cave
of the calculated city block distance C, and the subsequent
disparity quantity determination circuit validates whether or
not the obtained minimum value Cmin 1ndicates a coinci-
dence between the base and comparison images Gb and Gc¢ to
determine the parallax X.

As shown 1n Equation (2) below, the SAD means Sum of
Absolute Ditference between brightness values Ibi1,j and Ici1,j
of corresponding pixels in the base and comparison 1mages
Gb and Gec, and as shown 1n FIG. 10, the SAD function 1s
obtained on a 2-dimensional coordinate, whose vertical axis
1s the city block distance C calculated by the SAD and whose
horizontal axis 1s the parallax X. The greater the degree of
coincidence between the base and comparison images Gb and
Gc (1.e., the reliability of the matching processing) 1s, the
smaller the city block distance C becomes, and the lower the
reliability 1s, the greater the city block distance C becomes.

(= Z”bf,j_kf,jl (2)
-y

Here, Ibi,; and Ic1,; each indicates a brightness value of a
horizontally 1-th and vertically j-th pixel in the matching
block of the base and comparison images Gb and Gc, respec-
tively.

Additionally a validation 1n the disparity quantity determai-
nation circuit 1s performed to determine whether or not the
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maximum value Cmax or the minimum value Cmin of the city
block distance C satisfies Cmax=Ca and Cmax-Cmin=Cb
for preset thresholds Ca or Cb, respectively; and further,
whether or not a brightness difference between horizontally
adjacent pixels in the matching block of the base image Gb 1s
greater than a preset threshold. It these three conditions are
met, the parallax X 1s output and 1f not, the data 1s rejected.

The determinant factor extractor 12 1s configured to extract
feature quantities which are determination criteria 1n evalu-
ating matching processing reliability. The extracted feature
quantities are broadly categorized into 3 factors: analysis
results of the evaluation function SAD, the factor indicating
the uniqueness of the matching block, and the factor indicat-
ing the relevance with the surrounding matching blocks, each
of which will be described 1n detail below.

First, the analysis results of SAD will be described.

The analysis results of SAD are divided into values of the
city block distance C and a factor concerning the shape of the
SAD function. The values of the city block distance C include
the minimum value Cmin, the maximum value Cmax and the
mean value Cave of the city block distance C, which are
calculated by a SAD value city block distance calculation
circuit in the stereo processor 5.

The factor concerning the shape of the SAD function may
be the number of local minimum points, a width W1 of a
valley containing a minimum point or an acute angle of the
valley containing the minimum point.

When a city block distance of a horizontally 1-th pixel in the
matching block 1s C1 and the mean SAD function value 1s a
threshold, the number of local minimum points means the
number of points under the above threshold which
satisly conditions C1—-N>Ci1—-(N-1) . . . >C1 and C1+N >C1+
(N-1) . . . >C1 for N pomts (fixed value with N>2) 1n the
vicinity of a point 1; that 1s, the number of valleys.

The width W1 of the valley contaiming the minimum point
1S n+m, wherein n 1s a minimum value which satisfies kxCi-
n>Ci-n-1 1n the leftward vicinity of the local minimum
point, and m 1s a mmmimum value which satisfies kxCi+
m>Ci1+m+1 1n the rnightward vicinity of the local minimum
point; and this W1 1s greater for objects with a continuous
tonal change, 1.e., more moderate gradation slope, and
smaller for objects with a steeper slope. Here, the above k 1s
a constant and normally set to 1.

The acute angle of the valley contaiming the minimum
point 1s calculated 1n the following 2 methods. In one method,
a difference between a mean value of the city block distance
C at both ends of the width of the valley contaiming the
minimum point, and a value of the city block distance C at the
minimum point 1s divided by the width of the valley W1 to
allow detection of the acute angle of the entire valley. In the
other 1s a method 1n which an average of differences between
a value of the city block distance C at the minimum point and
at each of two pixels adjacent to the minimum point, respec-
tively, 1s calculated to allow detection of an acute angle in the
vicinity. The more gradual or steep the gradation slope
becomes, the smaller or greater these acute angles of the
valley become, respectively.

Siv1 + 5121 — 25;
2

(3)

A=

Next, the factor indicating the umiqueness of the matching

block will be described.

The factor indicating the uniqueness of the matching block
may be the number of pixels with a predetermined or greater
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absolute difference value 1n a direction along the epipolar line
E 1n the matching block, a mean absolute difference 1n the
direction along the epipolar line E 1n the matching block or a
variance of brightness values in the matching block.

The absolute difference value 1n a direction along the epi-
polar line E 1n the matching block Dai,j 1s calculated with
Equation (4) below, and the number of pixels in which the
obtained absolute difference Di1,j exceeds a predetermined 1s
taken as a feature quantity.

D, =l ~I,

ij ti+lj

(4)

The absolute difference value 1n a direction along the epi-
polar line E in the matching block Di1,; obtained 1n the above
calculation method 1s further averaged out with Equation (5)
below and a mean absolute difference value D_. _ 1n a direc-

tion along the epipolar line E 1n the matching block is taken as
a Teature quantity.

1 | (5)

Moreover, the above mean absolute difference value D
in a direction along the epipolar line E in the matching block
1s utilized to yield the variance of brightness values V 1n the
matching block as 1n Equation (6).

(6)

1
V:—E D; ; — Dgye )
ij..( >/ :

I, f

Finally, the factor indicating the relevance with the sur-
rounding matching blocks will be described.

This factor indicating the relevance with the surrounding
matching blocks may be the number of blocks similar to a
seli-block 1n a self-matching processing, a mean value of a
SAD function 1n the self-matching processing, values con-
cerning the shape of the SAD function in the self-matching
processing or the number of blocks around the self-block
which output the same parallax.

For the number of blocks similar to the self-block 1n a
self-matching processing, an arbitrarily chosen horizontally
Sxvertically S matching block from the same 1image (hereatter

referred to as a “seli-block™) 1s shifted block-by-block for
scanning 1n the direction along the epipolar line E to corre-
spond this self-block and the matching block on the epipolar
line E and calculate a city block distance Cs. The number of
blocks in which the city block distance Cs calculated as above
1s less than a predetermined value 1s the number of matching
blocks similar to the self-block 1n the self-matching process-
ing. The greater this number 1s, the lower a reliability for the

matching block 1s; and the smaller this number 1s, the higher
the reliability 1s.

As shown 1n Equation (7) below, this city block distance Cs
calculated by the self-matching processing i1s obtained by a
summation of absolute differences between brightness of the
self-block S1,; and brightness of the matching block on the
epipolar line E, Si1+1.;. In addition, the SAD function 1is
obtained 1n a 2-dimensional graph with the city block dis-
tance Cs calculated by the self-matching processing as the
vertical axis and a scanning directionY along the epipolar line
E as the horizontal axis, as shown 1in FIG. 11.
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Cs = Z |5, 7 = Sit1, (7)
oy

Here, 51, indicates a brightness value of a vertically 1-th
and horizontally j-th matching block in the matching block
area of horizontally 3xvertically 3 blocks, as shown in FIG.
12, and Si1+1,; indicates a brightness value of a vertically
(1+1)-th and horizontally (j+1)-th matching block.

A mean city block distance Cs of the self-matching pro-

cessor 1s an average value of the city block distance Cs cal-
culated by the self-matching processing. The smaller this
value 1s, the lower the reliability often 1s for the matching
processing; and the greater this value 1s, the higher the reli-
ability often 1s.
The values concerning the shape of the SAD function in the
self-matching processing include the number of local mini-
mum points, a width W2 of a valley containing a minimum
point or an acute angle of the valley containing the minimum
point. Here, a smallest point of the SAD function i the
self-matching processing 1s a position at which the self-block
exi1sts or so-called self-position, where the city block distance
Cs becomes zero. A method for calculating these vales are the
same as the method described above for calculating the values
concerning the shape of the SAD function 1n a normal match-
ing processing, and criteria for determining the matching
processing reliability 1s also the same.

The number of blocks around the self-block which output
the same parallax means the number of matching blocks, out
of 8 matching blocks surrounding the self-block, which out-
put the same parallax as that output by the self-block, wherein
the self-block 1s a central matching block 1n the matching area
shown 1n FIG. 12. The greater this number 1s, the higher the
reliability 1s; and the smaller this number 1s, the lower the
reliability 1s for the matching processing.

As shown 1n FIG. 13, the parallax corrector 6 1s provided
with and defined by a determination section 13 for detecting
mismatch points and evaluating the reliability of the matching,
processing, and a correction section 14 for performing cor-
recting processing based on evaluation information from the
determination section 13. As shown in FIG. 14, the determi-
nation section 13 consists of a hierarchical neural net 15 with
3 nonlinear tiers, wherein mismatch points occurring during
the matching processing are detected, and concomitantly the
matching processing by the stereo processor 5 1s evaluated
with 3 reliabilities “high,” “medium”™ and “low” based on the
feature quantities sent from the minimum and maximum
value detection circuit and the determinant factor extraction
section 12 of the stereo processor 5. For example, 11 the
evaluation 1s “low,” correction processing 1s implemented by
the subsequent processor 14 and an accurate distance image 1s
sent to and stored 1n the subsequent distance image memory
8.

Next, operations of the image processing apparatus in the
present embodiment will be described 1n the following.

By pressing an mnput switch (not shown) of the image
processing apparatus 1, the two cameras 1 and 2 of the stereo
cameras 10 take images of analog data, the base image Gb and
the comparison image Gc, and send the 1mages to the image
input 3. The brightness balance of the base and comparison
images Gb and Gc are adjusted by the analog interface 1n the
image iput 3, and a log conversion table subsequently per-
forms 1mage correction processing such as improving the
contrast of low brightness sections in the images. In addition,
the A/D converter converts the image data into digital data
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with a predetermined brightness scale, and the correction
circuit subsequently performs the affine transformation and
sends the data to store in the original image memory 4.

The city block distance calculation circuit in the stereo
processor 3 scans the base and comparison images Gb and Gc¢
stored 1n the original image memory 4 in the direction along
the epipolar line E on the comparison image G¢ one block at
a time to thereby calculate the city block distance C between
one pixel in the base image Gb and corresponding one pixel in
the comparison 1mage Gc. Further, the minimum and maxi-
mum value detection circuit detects the minimum value
Cmin, the maximum value Cmax and the mean value Cave of
the calculated city block distance C, and the subsequent dis-
parity quantity determination circuit validates whether or not
the minimum value Cmin indicates a coincidence between the
base and comparison 1mages Gb and Gc to determine this
Cmin=X as the parallax X.

The parallax X determined as above, and the minimum
value Cmin, the maximum value Cmax and the mean value
Cave of the city block distance C detected by the minimum
and maximum value detection circuit are sent to the parallax
corrector 6. Simultaneously, the determinant factor extractor
12 extracts the values concerning the shape of the SAD func-
tion as feature quantities, the factor indicating the uniqueness
of the matching block and the factor indicating the relevance
with the surrounding matching blocks, and send them to the
parallax corrector 6.

In the parallax corrector 6, a determination section 13
detects mismatch points based on these feature quantities and
evaluates the reliability of the matching processing. Results
of these mismatch point detection and reliability evaluation
for the matching processing are sent to the subsequent cor-
rection section 14 to apply the correction processing to the
distance 1mage depending on the evaluation and store the
corrected distance 1mage in the distance image memory 8 as
distance 1mage corresponding to one pixel of the base image
Gb. Moreover, distance 1images for the entire image are cal-
culated and stored 1n the distance 1mage memory 8 by repeat-
ing similar operations to thereby complete a series of image
processing operations.

At this point, the mismatch point detection and reliability
evaluation for the matching processing by the determination
section 13 of the parallax corrector 6 are input 1nto an 1den-
tification device the hierarchical neural net 15 with 3 nonlin-
car tiers as shown 1n FIG. 14 for identifying feature quantities
such as the SAD results extracted by the minimum and maxi-
mum value detection circuit and the determinant factor
extractor 12 of stereo processor 5, the uniqueness of the
matching block and the relevance with the surrounding
matching blocks with 2 values “correct” or “incorrect”, or
otherwise 3 values “correct”, “incorrect” or “neither” to
detect mismatch points based on the entered and determine
the reliability of the matching processing with 3 grades
“high”, “medium”™ or “low.” If the reliability 1s determined to
be “high,” the correction processing 1s not performed in the
correction section 14, and 11 the reliability 1s low, the correc-
tion 1s applied. Meanwhile, 11 the reliability 1s “medium,” the
correction processing 1s performed based on information of,
for example, “high” reliability matching block(s) around the
seli-block to calculate an accurate distance 1mage for the
entire 1mage.

As has been described previously, according to the image
processing apparatus ol the present embodiment, provided
with: the stereo cameras 10 having two cameras 1 and 2 for
taking two 1images Gb and Gc¢; and the stereo processor 5 for
performing the matching processing for the two images Gb
and Gc taken by the stereo cameras 10, which image process-
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ing apparatus further provided with the parallax corrector
provided with and defined by: the determinant factor extrac-
tor 12 for extracting a plurality of feature quantities from the
two 1mages Gb and Gc processed with matching processing;
the determination section 13 for evaluating the reliability of
the matching processing by the stereo processor 5 for the
plurality of images Gb and Gc¢ based on a plurality of feature
quantities extracted; and the correction section 14 for correct-
ing a mismatch which occurs during the matching processing
based on the evaluation information from the determination
section 13, effects the improvement of accuracies for the
mismatch point detection and the reliability evaluation for the
matching processing by the evaluation based on the plurality
ol feature quantities even when an evaluation with one feature
quantity 1s 1mpossible or ambiguous to further effect the
improvement of measurement accuracies 1n subsequent cor-
rection processing performed based on the above detection
result and reliability evaluation.

Incidentally, although all feature quantities are entered to
the determination section 13 above, all of these feature quan-
tities are not necessarily required and only required feature
quantities may be entered depending on each application
example.

Furthermore, a design and a learning process of the 1den-
tification device are not limited to the present embodiment,
and methods or techniques generally employed 1n the con-
ventional pattern recognitions, for example, the K-nearest
neighbor rule (k-NN), the support vector machine (SVM), the
subspace method and the like may be applied.

Moreover, the determination section 13 should not be nec-
essarily entirely defined by the neural net and may have it only
partially.

FIG. 16 15 a flowchart showing an operation tlow of stereo
matching processing employed by a stereo 1image processing
apparatus according to a second embodiment of the present
invention.

In the first embodiment, the parallax corrector 6 needs to
maintain SAD function values from the stereo processor 3 for,
for example, all blocks and requires an extremely large stor-
age capacity. When 1t 1s impossible to reserve such a large-
capacity memory, functions similar to those of the first
embodiment may be effected by implementing the stereo
matching processing a plurality of times 1n each block’s
matching processing.

This means that the present embodiment enables a correc-
tion of the distance information with a relatively small-capac-
ity memory. To do this, the stereo processor 5 of the present
embodiment performs the stereo matching processing twice.
In a first stereo matching processing, the stereo processor 5
outputs only the distance and reliability information obtained
for matching block in question to the parallax corrector 6.

I1 the reliability of the distance information for the match-
ing block 1n question 1s relatively low, for example, “nega-
tive” or “moderately positive,” the parallax corrector 6 sets a
predetermined adaptive search range. In this case, the stereo
processor 3 performs the stereo matching processing to each
block within the adaptive search range. The stereo processor
5 then provides the parallax corrector 6 with the SAD func-
tion and the reliability information obtained for the adaptive
search range block. The parallax corrector 6 applies weight-
ing to the SAD function of blocks 1n the adaptive search range
block according to the reliability and a distance to a block 1n
question to thereby obtain a corrected SAD function.

Other configurations are the same as those of the first
embodiment.

In an embodiment configured as above, the parallax cor-
rector 6 obtains the distance and reliability mnformation for
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the matching block in question from the stereo processor 5 in
Step S11 of FIG. 16, and determines whether the reliability 1s
“positive” or “negative” (Step S2). It the reliability 1s “posi-
tive,” the stereo processor 5 performs the stereo matching
processing for the next matching block 1n question.

If the reliability 1s “negative” or “moderately positive,” the
parallax corrector 6 determines the adaptive search range in
Step S3. In Step S12, the stereo processor 5 implements the
stereo matching processing for each adaptive search range
block. The stereo processor 5 obtains and outputs to the
parallax corrector 6, the reliability and the SAD function for
cach block. The parallax corrector 6 stores the reliability and
SAD function obtained for the adaptive search range block
(Step S13). The parallax corrector 6 applies the weighting to
the SAD function of the adaptive search range block accord-
ing to the reliability and distance 1n a sitmilar manner to that of
the first embodiment to obtain the corrected SAD function.

Note that the parallax corrector 6 may store the reliability
and SAD function of all adaptive search range block as
described above, and then calculate the corrected SAD func-
tion, and may accumulate the SAD function each time the
reliability and SAD function of the adaptive search range
block is entered to thereby obtain the corrected SAD function.
In this case, amemory and 1ts processing for storing results of
the stereo matching processing for all search range blocks are
not necessary.

Other configurations are the same as those of the first
embodiment. Thus similar effects to those of the fist embodi-
ment may be achieved 1n the present embodiment as well.

It should be mentioned that the present invention is not
limited to the above embodiments, and that various changes
and modifications can be made, without departing from the
scope and spirit of the present invention.

For example, the stereo cameras 10 are not limited to the
present embodiment and may consist of one camera for tak-
ing a plurality of 1images with a constant time interval and
configured to detect a velocity vector indicating velocity
components of each frame point 1n each 1image, or so-called
optical tlow.

What 1s claimed 1s:

1. A stereo 1mage processing apparatus, comprising:

an 1maging device for taking a pair of images of an object
for stereo 1mage processing purposes;

a stereo processor for correlating the pair of 1images for
cach area thereof to thereby perform stereo matching
processing for identifying corresponding areas, and
obtaining an evaluation function as a result of said stereo
matching processing, distance information to said object
obtained based on said evaluation function, and reliabil-
ity information indicating a reliability of said distance
information;

a parallax corrector for setting an adaptive search range
around said area according to said reliability informa-
tion, obtaining a corrected evaluation function by cor-
recting said evaluation function obtained for said area
based on said evaluation function obtained for a respec-
tive area within said adaptive search range;

wherein said parallax corrector sets said adaptive search
range only 1f a reliability of said area meets predeter-
mined conditions for being moderately positive or nega-
tive, and extends said adaptive search range 1n at least
one direction around said area within a predetermined
distance from said area to include at least one respective
area having a positive reliability,

and wherein said parallax corrector applies a weighting to
said evaluation function obtained for said respective
area within said adaptive search range according to said
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reliability information obtained for said respective area
such that when said reliability 1s lower, the weighting 1s
lower and when said reliability 1s higher, the weighting
1s higher, and also according to a distance between said
respective area and said area, and then takes a summa-
tion of all of said evaluation functions within said adap-
tive search range as said corrected evaluation function
for said area, 1n order to correct said distance informa-
tion to said object based on said corrected evaluation
function obtained.

2. The stereo i1mage processing apparatus of claim 1,
wherein said parallax corrector regards said corrected evalu-
ation function as a summation of all of said evaluation func-
tions, each of said evaluation functions obtained for said
respective area.

3. The stereo 1mage processing apparatus of claim 1,
wherein said parallax corrector 1s provided with a storage for
storing said evaluation functions, said distance information,
and said reliability information obtained by said stereo pro-

cessor for all of said areas, and
obtains said corrected evaluation function based on said
evaluation functions, said distance information, and said
reliability information read from said storage.

4. The stereo 1mage processing apparatus of claim 1,
wherein said parallax corrector sets said adaptive search
range based on said reliability information obtained by said
stereo processor, wherein

said stereo processor obtains said evaluation functions,

said distance information, and said reliability informa-
tion for said respective areas set within said adaptive
search range, wherein

said parallax corrector calculates said corrected evaluation

function based on said evaluation functions each for said
respective area within said adaptive search range, said
evaluation functions obtained by said stereo processor.

5. The stereo 1mage processing apparatus of claim 1,
wherein:

said stereo processor comprises a determinant factor

extractor for extracting one or more feature quantities
from a plurality of 1images with matching processing
performed, and

said parallax corrector 1s provided with a determination

section for evaluating a reliability of said matching pro-
cessing based on said feature quantities extracted, and a
correction section for correcting a mismatch, said mis-
match occurring during said matching processing based
on evaluation information from said determination sec-
tion.

6. The stereo 1mage processing apparatus of claim 3,
wherein:

said determination section 1s configured using a neural net

for performing a reliability evaluation of said matching
processing for a plurality of images by said stereo pro-
CESSOT.

7. The stereo 1mage processing apparatus of claim 5,
wherein:

said feature quantities includes at least one of: an analysis

result of said evaluation function used for said matching
processing, a factor indicating uniqueness ol a pixel
area, or a factor indicating relevance with surrounding
pixel areas.

8. The stereo 1mage processing apparatus of claim 7,
wherein:
said analysis result of said evaluation function used for said
matching processing includes at least one of: a value of
said evaluation function and a factor indicating a shape
of said evaluation function.
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9. The stereo 1mage processing apparatus ol claim 8, 11. The stereo 1mage processing apparatus of claim 7,
wherein: wherein:
said factor indicating a shape of said evaluation function said factor indicating said relevance with surrounding pixel

includes at least one of: the number of local minimum
points, a width of a valley containing a mimimum point 5
and an acute angle of said valley containing said mini-

areas 1ncludes at least one of: the number of pixel areas
in which a value of said evaluation function 1n seli-

mum point. matching processing 1s less than a predetermined value,

10. The stereo image processing apparatus of claim 7, the number of local minimum points, a width of a valley
wherein: containing a minimum point, an acute angle of said
said factor indicating said uniqueness of a pixel area 10 valley containing said minimum point, and the number

includes at least one of: the number of pixels in a pixel
area, 1n said pixels an absolute value of a difference 1n a
direction along an epipolar line exceeds a predetermined
value, a mean absolute difference 1n a direction along an
epipolar line, and a variance of brightness values 1n a 15
pixel area. S I

of pixel areas which output an 1dentical parallax in the
vicinity ol one pixel area arbitrarily selected.
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